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5 CROSS-REFERENCE TO RELATED APPLICATION 

The present application claims the benefit of United States Provisional 
Application Serial No. 60/364,335 filed on March 14, 2002, which is hereby 
incorporated by reference in its entirety. 

10 BACKGROUND OF THE INVENTION 

In general this invention is related to implantable and other medical devices 
exhibiting antimicrobial activity, methods for preparing the medical devices, and 
methods for treating patients using the devices. More specifically, the present 
invention is directed to implantable and other medical devices that include a 
15 polymeric component or matrix impregnated with a releasable organic dye 
composition exhibiting antimicrobial activity and to the preparation and use of the 
medical devices. 

The progress of modem medicine has been advanced, in part, by the wide 
use of invasive medical devices, including catheters. Several million intravascular 

20 catheters are purchased each year by US hospitals and clinics. Use of these 
devices places large numbers of patients at risk for catheter-related bloodstream 
infection (2) (CRBSI). Most serious infections, such as bacteremia or fungemia, 
are associated with central venous catheters (CVCs) rather than small peripheral 
catheters (3-5). Even when aseptic techniques are used during insertion and 

25 maintenance of the catheter, at least 1 and up to 5 of every 20 CVCs inserted will 
be associated with an episode of bloodstream infection (6). The mortality 
attributable to these infections in prospective studies is 12 to 25% (5, 7), and the 
cost attributable for each event is between $3,700 and $29,000 (7, 8). In chronic 
CVCs for dialysis, the incidence of infection is 4-6% of the patient population each 

30 month (36). 

Several factors pertaining to the pathogenesis of CRBSI have been 
identified during the last decade. Most common catheter-related bloodstream 
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infections originate from microbes colonizing catheter hubs and the skin 
surrounding the insertion site (9-11). Therefore, successful preventive strategies 
should reduce colonization of microbes at the catheter insertion site on or about the 
hubs and/or minimize microbial infection toward the intravascular segment of the 
5 catheter. Inhibiting the adherence and growth of pathogens reaching the 
intravascular catheter segment would also be advantageous. Organisms that adhere 
to the catheter surface maintain themselves by producing "extracellular slime", a 
substance rich in exopolysaccharides, often referred to as fibrous glycocalyx or 
microbial biofilm (12, 13). The organisms embed themselves in the biofilm layer, 

10 becoming more resistant to the antimicrobial agents due to a dormant metabolism 
with different metabolic pathways than normal bacteria (14, 15). The colonization 
of microbes on and about CVCs is very common (16). The risk of infection is 
directly proportional to the quantitative level of organisms multiplying on the 
surface of the intravascular segment of the catheter. Several factors can potentiate 

15 the multiplication and spread of microorganisms from biofilm increasing the risk 
of bloodstream infections, including breaking of stalks of bacterial biofilm from 
the surface of the catheter. Once in the bloodstream, bacteria can multiply and 
cause serious illness such as sepsis (systemic inflammatory response syndrome) or 
metastatic infections (in bones, joints, heart valves, skin, etc.). Finally, catheter- 

20 related infection can result in local septic thrombophlebitis, having its origin in a 
thrombin sheath that often covers the internal and external surface of the 
intravascular segment of the catheter. The sheath is composed of many different 
proteins such as fibrin, fibrinogen, fibrinectin, laminin, thrombospondin, and 
collagen that strongly bind some microorganisms such as Staphylococcus aureus, 

25 Candida albicans, or coagulase-negative staphylococci. The environment is ideal 
for multiplication of microbes; therefore, a correlation between thrombosis and 
infection can be observed at the clinical level (17). 

Historically, there have been four approaches for preventing catheter 
infection. 
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First, aseptic hub devices such as puncture membranes inhibit the 
introduction of microbes into the catheter lumen. However, this does not protect 
the external surface of the catheter or around the site of implantation. 

Second, an ionic silver composition deposited on the outer surface of the 
5 catheter exhibits broad-spectrum antimicrobial activity at the insertion- 
subcutaneous junction. However, this coating has only minimal release of silver 
from the surface and does not protect the internal surfaces. 

Third, an anticoagulant/antimicrobial lock (flush) that includes a 
combination of anticoagulant and antimicrobial agents is particularly useful for 
10 long-term catheters where hub contamination leads to lumen colonization and, 
ultimately, to bloodstream infection (18-20). A wide spectrum of antibiotics can 
be used, but general use of antibiotics in lock solution is limited due to the 
certainty of inducing bacterial antibiotic resistance. Microbial biofilm is able to 
inhibit the activity of some glycopeptide antibiotics such as vancomycin, making 
15 antibiotic lock solutions less effective (15). Furthermore, this approach does not 
protect the external surface of the catheter. 

Fourth, impregnation of the catheter with an antimicrobial agent has a great 
advantage because it could protect the external and internal surfaces of the 
catheter. Since the first reports in the 1980's of oxacillin bonded to 
20 polytertrafluoroethylene grafts (21, 22), many other drugs, including antibiotics or 
chemical molecules, were successfully attached to catheter surfaces. 

There are still not enough clinical studies and data to choose the proper 
strategy for preventing catheter infection because most drugs or antibiotics suitable 
for use in catheters do not exhibit broad spectrum antibiotic, antiviral, and/or 
25 antifungal activity. Several randomized studies of antibacterial-impregnated 
catheters have failed to show an advantage in preventing catheter infection. On the 
other hand, prolonged exposure to the immobilized antibacterial agents (as they are 
released) may lead to the development of bacterial resistance that may be difficult 
to detect (23). Therefore, the need still exists for new therapeutic agents bonded 
30 externally and internally to medical devices such as catheters to destroy the broad 
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range of bacteria strains within biofilm and to prevent infection and/or 
development of bacterial resistance. 

Chronically implanted medical devices are an example of devices in which 
a long-term antibacterial property would be of great benefit to patients. There are 
5 some medical devices which are not implanted but which could also provide more 
benefit if they had ability to prevent bacterial growth on their surface or within the 
biofilm building on the surface. An example is dialysis machines used for chronic 
dialysis therapy. Within dialysis centers these machines are used for years in 
treatment of many different patients. The dialysate fluid they deliver is rich in 

10 nutrients for bacteria, so bacterial growth within the dialysate fluid is a continuing 
problem. Bacterial growth in the dialysate exceeding 2000 organisms/ml can 
result in transfer of endotoxin to patients with resulting fever, low blood pressure, 
nausea, and other symptoms. Bacterial content of the dialysate is measured 
frequently, but only on randomly selected machines. To diminish bacterial content 

15 of the dialysate, each machine is disinfected each night after treatment of several 
patients. Biofilm builds on all of the hydraulic pathways of the dialysis machine, 
making disinfection somewhat difficult especially after a heavy bacterial 
contamination. Most of these pathways are constructed of polymers, either flexible 
or rigid. If these polymers incorporated organic dyes then bacteria within the 

20 surfaces of the hydraulic pathways and the adherent biofilm would be killed 
continually. The bacterial load of dialysate would therefore be reduced, for all 
patient treatments. 

Looking one step further back, the water system providing pure water for 
dialysis is a significant source of the bacteria resulting in excessive concentration 

25 in dialysate. If the purified water source contains more than 200 bacteria/ml then 
the machines become contaminated and the dialysate develops high concentrations 
of bacteria with adverse events described above. The water system contains a 
number of components to purify water and some to eliminate bacteria. However 
one component of the system, activated charcoal, removes chlorine from the water, 

30 making the rest of the system vulnerable to bacterial growth on polymer surfaces 
or adherent biofilm. The entire water treatment system contains membranes and 
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pipes made of polymer materials. If these materials were impregnated with 
organic dyes, then the bacterial content of the pure water would be diminished (and 
meet established standards) and this would diminish bacterial exposure of dialysis 
patients. 

5 Shanbrom described a "Disinfectant plastic sponge material" in US patent 

5,811,471. However his process was merely to soak a PVA sponge material in an 
organic dye solution to bind some of the dye to the material.. The effective 
materials were readily colored by the disinfectant dyes. Furthermore, extensive 
water washing will be unable to remove the tightly bound dye.. In follow-up 

10 patent "Microbicide Treated Polymeric Materials" US 6,183,764 he describes that 
plastics were lightly colored by organic dye exposure. However again "extensive 
washing will be unable to remove the tightly adsorbed microbicide". In follow up 
patent "Microbicide Treated Polymeric Materials" US 6,361,786 he describes the 
same process, but adds an alternative process for coating the material with organic 

15 dye, by pre-treatment of the polymer material with meglumine (an ionic 

compound) for 24 hours. This process apparently "enhanced binding of organic 
dyes". The process was suggested to have value in treatment of catheters. 
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SUMMARY OF THE INVENTION 

The present invention relates to implantable medical devices that exhibit 
antimicrobial activity and the manufacture and use thereof Various aspects of the 
invention are novel, nonobvious, and provide various advantages. While the actual 
5 nature of the invention covered herein can only be determined with reference to the 
claims appended hereto, certain forms and features, which are characteristic of the 
preferred embodiments disclosed herein, are described briefly as follows. 

Medical devices with the ability to kill bacteria contacting the surface of 
the device and in the surrounding tissues for many months are provided by placing 

10 organic dye compounds within the plastic polymers used in construction of the 
devices. The medical devices may be implanted or used external to the patient in 
delivery of fluid to the patient. A method is described for activating organic dyes 
so that they will avidly absorb into a variety of polymers in a few hours, 
penetrating through the entire depth of the polymer material used in construction of 

15 the medical devices. This process can be performed after extrusion or casting of 
the polymer material. Alternatively, the organic dye could be mixed into the 
polymer before extrusion or casting. Because of the large store of organic dye 
within the polymer, the polymer is bactericidal to any bacteria contacting the 
material surface but also releases organic dye into surrounding biofilm and tissues, 

20 killing bacteria in the vicinity of the surface of the medical device. 

In one form the present invention provides a medical device for 
implantation into tissue of a patient or use in fluid preparation to be delivered to a 
patient. The device comprises a polymeric material impregnated with an organic 
dye exhibiting antibacterial activity and which is effective to release the organic 

25 dye into contacting media for at least two weeks. 

In other embodiments, the present invention provides a method of 
manufacturing polymeric material for a medical device. The method comprises 
contacting the polymeric material with a liquid composition comprising a organic 
dye and a reducing agent for a time sufficient to impregnate the polymeric material 

30 with the organic dye and thereafter removing the impregnated polymer from the 
liquid composition. 
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In still other embodiments, the present invention provides a method of 
treating a patient having an indwelling medical device. The method comprises 
selecting a medical device comprising a polymeric material impregnated with a 
organic dye exhibiting antibacterial activity and effective to release a portion of the 
5 organic dye for at least one week; and implanting the medical device into the 
patient. 

It is one object of the present invention to prepare and use an implantable 
medical device exhibiting antibacterial activity. 

Further objects, features, aspects, forms, advantages and benefits shall 
10 become apparent from the description and drawings contained herein. 
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BRIEF DESCRIPTION OF THE DRA WINftS 

Fig. 1 is a perspective view of one embodiment of a catheter provided in 
accordance with the present invention. 

Fig. 2 is a perspective view of one embodiment of a suture treated in 
5 accordance with the present invention. 

Fig. 3 is a one embodiment of a surgical staple treated in accordance with 
the present invention. 

Fig. 4 is a schematic illustration of one embodiment of a dialysis system 
that can include a variety of treated components in accordance with the present 
10 invention. 

Fig. 5 is a schematic illustration of the physical design of the cell culture on 
a growth medium all in contact with a polymeric material treated in accordance 
with the present invention. 

Fig. 6 is a scanned image of a polymeric material treated in accordance 
15 with the present invention in contact with a cell culture in a petri dish. 

Fig. 7 is a graph illustrating the bactericidal properties of treated 
polyurethane (EG) and polyurethane/polycarbonate materials (PC) impregnated 
with methylene blue against E. coli in accordance with the present invention. 
Control includes a non-impregnated surface (NIS) with contact to the bacteria 
20 solution 

Fig. 8 is a graph illustrating the bactericidal properties of a polyurethane 
(EG) and a polyurethane/polycarbonate (PC) material impregnated with methylene 
blue against S. aureus in accordance with the present invention. Control includes a 
non-impregnated surface (NIS) with contact to the bacteria solution 

25 Fi S- 9 is a graph illustrating the bactericidal properties of a polyurethane 

(EG) and a polyurethane/polycarbonate (PC) material treated with methylene blue 
against S. epidermidis in accordance with the present invention. Control includes a 
non-impregnated surface (NIS) with contact to the bacteria solution 

Fig. 10 is a scanned image of a petri dishes after culture of bacterial 

30 solution contacting control surfaces, demonstrating bacteria having a colony count 
of 10 7 to 10 8 . 
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Fig. 1 1 is a scanned image of a petri dish having a near zero colony count 
of bacteria, which was obtained after incubation of bacterial solutions with a 
polyurethane/polycarbonate material impregnated with methylene blue in 
accordance with the present invention. 
5 Fig. 12 is a scanned image of several polymeric tubes that have been 

impregnated with a methylene blue in combination with an activating agent in 
accordance with the present invention. 

Fig. 13 is a scanned image of several polymeric tubes that have been 
immersed in a solution of methylene blue after pretreatment of the tubes with N- 
10 methylglucamine and without any activating agent. 
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DETAILED DESCRIPTION OF THE INVENTION 

For the purposes of promoting an understanding of the principles of the 
invention, reference will now be made to the embodiments illustrated herein and 
specific language will be used to describe the same. It will nevertheless be 
5 understood that no limitation of the scope of the invention is thereby intended. 
Any alterations and further modifications in the described processes, systems, or 
devices, and any further applications of the principles of the invention as described 
herein, are contemplated as would normally occur to one skilled in the art to which 
the invention relates. 

10 In general, medical devices according to the present invention exhibit 

antimicrobial and/or antiviral properties. The medical devices include a portion 
formed of a polymeric material or matrix that has been impregnated with an 
organic dye compound. The organic dye can be selected from: methylene blue, 
toluidine blue, methylene violet, azure A, azure B, azure C, brilliant cresol blue, 

15 thionin, methylene green, bromcresol green, gentian violet, acridine orange, 
brilliant green, acridine yellow, quinacrine, trypan blue, and trypan red. Many of 
these dyes have a phenothiazine ring structure, acridine ring, or similar structure. 
Most of these dyes have the ability to be an electron donor or electron receptor in 
oxidation-reduction reactions, and also have a change in oxidative potential on 

20 exposure to light (being photo-oxidants).. In preferred embodiments, the organic 
dye compound is bound to carbon chains or embedded or absorbed into the 
polymeric matrix as an inclusion complex. The polymeric material can slowly 
release the absorbed organic dye compound into the surrounding tissue or fluid. 
The rate of release can extend over one, two, or more months. The rate of release 

25 can be controlled by controlling the amount of organic dye compound absorbed 
into the polymeric material. 

It has also been determined that the treated devices do not lose efficacy 
upon extended storage. For example, the devices can be prepared and stored either 
in a sterile container or in clean packaging until needed. When desired, the devices 

30 can be sterilized, if necessary, and then immediately used or implanted in patients. 
Upon implantation or contact with surrounding tissue, the treated polymeric begins 
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to immediately release the absorbed organic dye complex at a substantially steady 
rate as evidenced by the resulting antimicrobial activity of the devices. Examples 
of implantable medical devices that can be used and treated in accordance with the 
present invention include: catheters (either temporary or long-term indwelling 
5 medical catheters), sutures, surgical staples, intrauterine devices, vascular stents, 
catheter connectors, connector caps, subcutaneous or transcutaneous ports, contact 
lenses, implanted artificial lenses, pacemaker leads, pacemakers, artificial hearts, 
implantable lungs, implantable infusion pumps and numerous other implantable 
medical devices. Examples of external medical devices with advantage from this 
10 process include dialysis machines, dialysis water delivery systems, water circuits 
within the dialysis unit, water delivery systems for respirator therapy, and water or 
fluid delivery systems for any other medical use if used for extended periods of 
time.. 

Fig. 1 is a perspective view of one embodiment of a medical device 10 

15 including a catheter 12. Catheter 12 includes a first and second lumens 14 and 16, 
respectively. Each lumen 14 and 16 includes a hub 18 and 20 and a puncture cap 
22 and 24. The lumens 14 and 16, the hubs 18 and 20, and the puncture caps 22 
and 24 can be formed of the same or different polymeric materials. An outer 
sheath 26 surrounds a portion of lumens 14 and 16. A cuff 28 encircles sheath 26. 

20 Additionally, the lumens 14 and 16 and hubs 18 and 20 can be attached using a 
biocompatible glue (not shown). The treatment of medical devices such as catheter 
12 according to the present invention provides distinct advantageous. For 
example, each of the components of catheter 12 can be treated and impregnated 
with the organic dye compound regardless of the polymeric material used to form 

25 the components. Consequently, each component can exhibit antimicrobial activity. 
Additionally, if desired, selected portions of catheter 12 need not be treated. For 
example, lower portion 32 of sheath 26 can be left untreated, while cuff 28 and the 
implantable, upper portion 32 can be treated with the organic dye compound. 

After impregnation with the organic dye compound, catheter 12 has a 

30 distinctly dark color. If one or more of the lumens 14 and 16 and/or sheath 26 
were cut through, it would be readily apparent that the polymeric material of these 
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components has been completely impregnated with the organic dye. The depth of 
impregnation can be controlled by the concentration of dye, the length of 
treatment, and/or the concentration of the activating agent and, optionally, the 
temperature at which the polymeric material is treated. In preferred embodiments, 
5 the polymeric material is completely impregnated with the organic dye and 
exhibits a dark color from the outer surface through to the inner surface. 

Figs. 2 and 3 illustrate other implantable medical devices that be treated 
and prepared in accordance with the present invention. Fig. 2 is s perspective view 
of surgical suture material 34 that impregnated with a dye. Figure 3 is an 
10 illustration of a surgical suture 26. 

Fig. 3 is a schematic illustration of a dialysis machine 40 that contains 
various components that can be treated in accordance with the present invention. 
Dialysis unit 40 includes various flexible and non-flexible polymeric components 
that can contain a variety of fluids. For example, container 41 and 42. 
15 Additionally various plastic tubing such as tubing 43 and 44, which are hydraulic 
pathways within the unit, can be treated with a dye in accordance with the present 
invention. 

The treated material is prepared to release organic dye at a very slow rate 
over months or years of use. Experiments have indicated that if a catheter is 

20 treated by the process according to the present invention to impregnated the 

organic dye, such as methylene blue, throughout the entire body of the polymeric 
material, then placing the catheter within a 1 liter volume of normal saline resulted 
in leaching of the dye over a one month period, turning the entire volume to an 
intense blue color. When the saline is replaced with fresh saline, exactly the same 

25 intense blue color developed in the fresh saline solution during the second month. 
This process of replacing the saline solution can be continued, that is, replacing the 
saline solution with fresh solution monthly, for at least nine months. The color 
resulting during the sixth month in the fresh saline solution is a light blue. If the 
process is continued for an additional 3 months or up to a total of 9 months the 

30 resulting fresh saline solution is light blue in color, but the release of the dye 
continues. This indicates that the treated catheter is effective to release the 
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depending upon the concentration of organic dye compound, the activator, and the 
polymer thickness. In preferred embodiments, the polymeric material can be 
immersed in the solution from a time ranging between about one minute to several 
hours. 

5 When desired, the polymeric material is removed from the solution. It has 

been observed that upon initially removing the polymeric material from the 
solutions of low organic dye concentration, there is no immediate, noticeable color 
change on the surface of the polymer. This material is then washed repeatedly 
with the solvent and/or a neutral physiological saline solution to remove any 

10 residual, non-bound organic dye compound or activator. The material is washed 
until the wash water exhibits no discoloration due to the organic dye or compound. 
Within a few minutes after washing and drying the polymeric material, the surface 
of the material begins to significantly darken. The treated material can then be 
stored until needed. Polymers exposed to higher concentrations of organic dye 

15 emerge from the treatment already colored by the dye, though the color may 
increase over time and/or exposure to air. 

It has been determined that medical devices prepared according to the 
present invention can be stored for several months without any loss of efficacy; the 
stored devices maintain the antimicrobial properties. 

20 In preferred embodiments, the organic dye according to the present 

invention can be selected among: methylene blue, toluidine blue, methylene violet, 
azure A, azure B, azure C, brilliant cresol blue, thionin, methylene green, 
bromcresol green, gentian violet, acridine orange, brilliant green, acridine yellow, 
quinacrine, trypan blue, trypan red and mixtures of these compounds. 

25 Specific examples of activating agents for use in the present invention 

include reducing agents such as ascorbic acid, ferrous ions, and other reducing 
agents. Examples of ferrous ions include ferrous salts, such as ferrous gluconate. 

Polymeric materials that can be used with the present invention can be 
biodegradable (or resorbable polymers) and non-biodegradable polymers. 

30 Examples of non-biodegradable polymers that can be used in the present invention 
include, but are not restricted to: acrylics, polyacrylates, polymethacrylates, 
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antimicrobial dye at a rate and a concentration sufficient to inhibit microbial and/or 
bacteria growth for at least up to 9 months. 

The medical devices according to the present invention can be prepared by 
contacting the selected polymeric portion with a solution containing the organic 
5 dye compound or dye and an activating agent. The solvent for the solution can be 
water or saline. Alternatively, other solutions can be used including, but not 
restricted to: alcohol, for example, ethanol or isopropyl alcohol; polar organic 
solvents, for example, chloroform; methylene chloride; acetone, tetrahydrofuran 
(THF); and mixtures of these solvents or other solvents as could be readily 

10 determined by those skilled in the art. The solvent can be selected based upon the 
nature of the polymeric material. It is particularly important to select a solvent that 
will not degrade or partly dissolve the polymeric material or any glue adhering the 
material to the medical device. 

The organic dye compound and the activator are added or suspended in the 

15 solvent. The order of addition is not critical. The organic dye compound and 
activator are present in amounts sufficient to impregnate the polymer within a 
desired amount of time. Preferably the organic dye compound is provided in an 
amount ranging between about 0.1 and 1.0 weight percent (wt%). More 
preferably, the organic dye is provided in an amount between about 0.1 and about 

20 0.3 wt%. The activator can be provided in amounts ranging between about 0.01 
and 3 wt%; more preferably, between about 1.0 and about 1.0 wt%. A buffer can 
also be included in the solution to maintain a pH of between about 4 and about 9. 
The buffer can be a commonly available buffering compound, for example, a 
citrate buffer, and can be readily selected by one skilled in the art. The 

25 temperature of the solution can be maintained between about 20 °C and slightly 
above ambient (25 C) temperature. Higher temperatures can be utilized; however, 
this may significantly degrade and/or deform the polymeric material. 

The polymeric material is immersed in the solution described above. The 
material can be maintained in the solution for a time sufficient to substantially 

30 impregnate the polymeric material and provide a substantially homogenous 
distribution of the organic dye throughout the polymer. The time can vary 
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fluorocarbons, hydrogels, polyacetals, polyamides (nylons), 
polyurethane/polycarbonates, polyesters, poly(ether, ketones) (PEK), polyimides, 
polyolefins, polystyrene, polysulfones, polyurethanes, polyvinyl chloride (PVC), 
silicone rubbers, polyethylene, polyurethane, latex, polyesters, poly(ethylene- 
5 terephthalate), and blends of these polymers. Examples of biodegradable polymers 
for use in the present invention include, but are not restricted to: poly (amino 
acids), polyanhydrides, polycaprolactones, poly(lacti-glycolic acid), 
polyhydroxybutyrates, polyorthoesters, and blends of these polymers. The 
polymers for use in the present invention can be polymer blends, homopolymers, 

10 and/or copolymers. Use of the term co-polymers is intended to include within the 
scope of the invention polymers formed of two or more unique monomelic 
repeating units. Such co-polymers can include random copolymers; graft 
copolymers; block copolymers; radial block, diblock, and triblock copolymers; 
alternating co-polymers; and periodic co-polymers. Use of the term polymer blend 

15 is intended to include polymer alloys, semi-interpenetrating polymer networks 
(SIPN), and interpenetrating polymer networks (EPN). 

In use, the medical devices according to the present invention are 
preferably sterilized immediately before implantation into the patient. Upon 
implantation according to standard surgical procedures, it can be observed that 

20 there may be a slight discoloration around the site of implantation. Additionally, 
contacting the polymeric material with normal saline or other solvents may induce 
an added release of the organic dye from the polymeric material. For example, in 
catheter 12 illustrated in Fig. 1, wiping the hubs 18 and 20 and puncture caps 22 
and 24 with BETADINE® and/or an alcohol pad may cause discoloration of the 

25 respective pads. Additionally the organic dye compound will leach into any lock 
solution in the catheter lumen. However, the catheter as illustrated in Fig. 1 can be 
used according to standard medical practices. Furthermore, lock solutions for 
these catheters can include normal saline, antimicrobial/antibiotic compositions, 
and anticoagulents, such as heparin or a citrate composition as has been used in the 

30 past. 
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The medical devices of the present invention can also be prepared by 
combining one or more of the organic dyes and an activating agent with a 
polymeric material prior to manufacturing the medical device. For example, the 
solid organic dye and activating agent can be combined and mixed with a pellitized 
5 polymer to provide an extrudable mixture, which is subsequently extruded or 
molded into the desired implantable medical device. 

As noted above, the organic dye can be selected among: methylene blue, 
toluidine blue, methylene violet, azure A, azure B, azure C, brilliant cresol blue, 
thionin, methylene green, bromcresol green, gentian violet, acridine orange, 

10 brilliant green, acridine yellow, quinacrine, trypan blue and trypan red, or 
combinations of these compounds. Preferred dyes include dyes of the 
phenothiazine class. Methylene blue is a water-soluble phenothiazine dye used 
orally as a urinary tract antiseptic or parenterally as an antidote for cyanide 
poisoning or drug-induced methemoglobinemia. It also has been used for more 

15 than 50 years as an intravenous injection to define the course of ureters during 
pelvic surgery. Methylene blue collectively with other dyes from this family, such 
as toluidine blue and methylene violet, are effective inactivators of pathogenic 
organisms including viruses, bacteria, and yeast in skin lesions, especially when 
photo-activated on skin lesions (24). In the last decade, methylene blue has been 

20 used for inactivation of a variety of viruses in fresh frozen plasma (25-27), whereas 
toluidine blue has been reported as an antifungal and antibacterial drug for 
inactivation of yeast and some bacteria (28-31). In 2001 a comparison study of 
methylene blue and toluidine blue bactericidal efficacy after photoactivation 
against gram-positive and gram-negative microorganisms was published (32). The 

25 report pointed out many factors involved in destruction of bacteria such as 
concentration, partition coefficient, photodynamic efficacy, light intensity and 
exposure time or dimers formation. However, both organic dye also revealed 
sufficient bactericidal potency when experiments were performed in the dark. 
These dyes are to some extent amphipathic and cationic. Consequently, they 

30 contain a hydrophobic portion that can interact preferentially with lipids or other 
hydrophobic substances and a positively charged portion that interacts with water 
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or negatively charged surfaces. Driven by electrostatic attraction to the negatively 
charged cell membranes of microbial targets, these dyes enter the membranes, 
form new channels and pores, and change the permeability that eventually can kill 
the microbes. It is thought that these dyes can interfere with the vital intracellular 
5 reactions involving oxidation and reduction such as conversion of NADH to NAD 
and vice-versa. 

Methylene blue has an advantage as a catheter-coating material because of 
its extensive use as an IV and topical medication. This means that safety issues are 
less likely to arise than with many other dyes. 

10 In the impregnation process, two "activators" were used, ascorbic acid and 

ferrous gluconate, in a similar range of concentration. Ascorbic acid appeared to 
react faster and provide more reproducible results. Many intermediate species are 
created during the oxidation-reduction process by methylene blue after activation 
by ascorbic acid, and these intermediates can help to impregnate the matrix of the 

15 plastic materials. From the clinical results, it appeared that activation of methylene 
blue by either ascorbic acid or ferrous gluconate afforded nearly identical 
antibacterial properties to the treated plastic material. 

It is also believed that application of methylene blue or toluidine blue as a 
long-term coating compound for CVC catheters does not require light activation to 

20 be effective. The treated material exhibits sufficient bactericidal activity in the 
dark. 

Light activation of the treated material may be advantageous for imparting 
antiviral and enhanced antibacterial activity. The rate of bactericidal activity can 
be enhanced by room light, which penetrates the external tubing of the catheter. 

25 Shining a very bright light down the lumen of a CVC catheter may also further 
increase bactericidal action. It is thought that methylene blue can transfer energy 
that it picks up from the light to molecular oxygen, so oxygen in the blood might 
have an effect similar to light. The singlet oxygen, which is formed, can mediate 
nucleic acid damage, principally at guanosine sites in the DNA or RNA backbone, 

30 and cause genetic sterilization. Light was not completely excluded from the 
above-described experiments; however, incubation was performed in the dark, 
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plating of bacteria in Petri dishes was performed in low-level room light, and the 
cultures were maintained in complete darkness. The molecular structure of these 
dyes, positive charge and possible dimerization, may allow methylene blue and 
similar dyes to kill bacteria by changing the transmembrane permeability of 
5 microbes. This function does not require activation by light. If the concentration 
of methylene blue increases inside the bacteria cell, other factors result in damage 
of bacteria, including changes in the redox potential due to excited states of the 
dye, quantum yield of the triplet-state formation, and quantum yield of singlet 
oxygen formation. 

10 For the purpose of promoting further understanding and appreciation of the 

present invention and its advantages, the following Examples are provided. It will 
be understood, however, that these Examples are illustrative and not limiting in 
any fashion. 

15 Example 1: Impregnation of Polymeric Materials 

Two different plastic materials that are currently used for CVC catheter 
production were impregnated with methylene blue. The first polymer was EG-85 A 
from the Tecoflex family of aliphatic polyurethanes (EG) and the second was PC- 
3575A from the Carbothane family of aliphatic polyurethane/polycarbonates (PC). 

20 Neither of the plastics tested were observed to become impregnated by methylene 
blue when exposed for up to 24 hours to 0.1 to 0.5 % of methylene blue solution in 
the range pH between 4 to 9 units. Fluorescent light did not help to impregnate 
methylene blue on either plastic. It has been discovered, however, that the rate of 
plastic impregnation with methylene blue is significantly increased by employing 

25 an activating agent (or "activator") such as, for example, a reducing agent. 
Examples of reducing agents include ascorbic acid or a soluble form of ferrous ion 
(for example, ferrous gluconate). 

Ascorbic acid is a powerful reductant and free radical scavenger. Kinetics 
of oxidation of ascorbic acid by methylene blue in acid media revealed many steps 

30 and several intermediate active species of methylene blue and ascorbic acid (33- 
35). It is believed that at least some of these reactive intermediates can activate the 
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carbon atoms of the polymeric matrix. This process in turn allows binding of 
methylene blue to the polymer chains. Experiments performed in 0.24 M citrate 
buffer at pH 4.5 with 0.1% methylene blue and l%-2% of ascorbic acid or ferrous 
gluconate permitted impregnation of both polymers within a few hours at ambient 
5 temperature. It was observed that the organic dye compound penetrated deeper 
into polyurethane than into polyurethane/polycarbonate; however, the 
polyurethane/polycarbonate was impregnated sufficiently to penetrate the surface 
of the plastic material. 

The data from the two different materials revealed that the active form of 

10 methylene blue, which is bound to a matrix, is probably the leuco-form. When 
exposed to air after washing the excess of reagents, the bound methylene blue is 
gradually oxidized to oxy form. The properties of the absorbed layer, such as 
thickness, dimerization, and hydrophilicity, may be controlled by proper selection 
of dye and activator concentration used in this composition and time of reaction. 

15 The bonding is strong but not so much as to prevent a small amount of leaching in 
aqueous solutions or saline. This process can be observed to occur over weeks and 
months and may have great advantages including bactericidal activity in the 
biofilm and surrounding tissues or clots. 
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Example 2: Antimicrobial Evaluation 

The polyurethane- and polyurethane/polycarbonate-impregnated plastic 
materials were tested against three strains of bacteria: E. coli 25922, S. 
epidermidis 49134, and S. aureus 29213. The impregnated plastic materials were 
5 prepared as described above. Inoculum of each bacterium was prepared from a 
single colony in 15 ml of trypticase-soy (TS) medium overnight at 37°C. Fifteen 
jil of inoculum was added to 15 ml of fresh medium and incubated for a few hours 
(5-6 h). Seventy-five (75) jul of 100 times diluted fresh culture was then used in 
experiments with samples of each of the impregnated plastic material. A culture of 

10 the selected strain was placed on the bottom of a petri dish and covered by an 
approximately 2.25 cm 2 sheet of the impregnated plastic material. The sheet was 
pressed firmly against the agar to get a thin and equal layer of culture medium 
contacting the sheet. A small container with 1 ml of water was placed in the 
upturned lid of the petri dish. The petri dish with the inoculum and plastic sheet 

15 were then inverted and mated with the lid. The lid and petri dish were sealed 
tightly by coating the rim of either the lid or the dish with petroleum jelly. The 
dish was then placed upside down in an incubator maintained at 32°C for 24 hours. 

The physical design of the experiments is shown in Figs. 5 and 6. 
Referring specifically to Fig. 5, the petri dish 50 includes an agar 52 onto which 

20 the bacteria was spread. A treated plastic sheet 54 lies on the agar 52. A container 
56 with water is placed in the upturned lid 58. 

Simultaneously, controls were created for the experiment. Untreated 
polyurethane and poly urethane/poly carbonate sheets (-2.25 cm 2 ) were placed in 
separate petri dishes to culture suspension. Another control was 75 \xl of bacteria 

25 culture placed in the petri dish as a "hanging drop" without any plastic sheet 
material. As described above, the dishes were mated to their lids, which contained 
1 ml of water, sealed, and placed in the incubator. 

After approximately 24 hours of incubation at 32° C, 15 jliI of bacterial 
cultures from each dish were mixed with 15 ml of fresh TS. Resulting suspensions 

30 were used as "stock solutions". The stock solutions were further diluted 10 2 , 10 4 , 
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10 6 fold. One ml of each dilution was spread on a separate TS agar plate incubated 
overnight at 37°C for colonies calculation. 

All three tested strains of bacteria revealed dramatic inhibition of culture 
growth after contacting methylene blue-impregnated plastics sheets. There 
5 appeared to be no significant differences between the polyurethane- or 
polyurethane/polycarbonate-impregnated materials. The logio CFU reduction after 
24 hours of incubation is a range of 7 to 6. The residual bacterial activity was very 
low. Bacteria colonies were detected in only two of the 1 ml of stock solutions 
when incubated on the agar plates. 

10 Fig. 7 is a graph illustrating E. coli bacterial concentration in the control 

samples and in the media in contact with the impregnated polyurethane sheets. 
The concentration of E. coli bacteria in each of the controls was 10 7 to 10 8 bacteria 
per ml. The bacterial concentrations was nearly zero or non-detectable on the 
media in contact with the four methylene blue-impregnated membranes: EG-AA 

15 (polyurethane with ascorbic acid as the reducing agent), EG-Fe (polyurethane with 
ferrous ion as the reducing agent), PC-AA (polyurethane/polycarbonate with 
ascorbic acid as the reducing agent), and PC-Fe (polyurethane/polycarbonate with 
ferrous ion as the reducing agent). In separate experiments, samples of each type 
of membrane were stored dry for one month and re-tested as above described. For 

20 all of the impregnated sheets, whether activated by ascorbic acid or ferrous ion, the 
results of the later tests were the same as if the impregnated plastics were freshly 
prepared. Each treated sheet allowed nearly zero bacteria growth in the contacting 
media. 
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Fig. 8 is a graph illustrating the results of experiments as described above 
except using S. aureus as the bacteria strain. Results are substantially the same as 
found for E. coli above. For all of the impregnated sheets, whether activated by 
ascorbic acid or ferrous ion, the results were the same: nearly zero bacteria in the 
5 contacting fluid. As before in separate experiments, samples of the impregnated 
sheets were stored dry for one month and retested. Again, the test results were 
essentially identical with those previously obtained for the freshly prepared 
impregnated sheets. 

Fig. 9 is a graph illustrating the results of experiments as described above 

10 using S. epidermidis as the bacteria strain. As can be seen from the graph, the 
results are substantially the same as those obtained for the E. coli and S. aureus 
strains. For all of the impregnated plastic sheets, whether activated by ascorbic 
acid or ferrous ion, the results were the same: nearly zero bacteria growth in the 
contacting media. As before, samples of the impregnated sheets were stored for 

15 one month and retested. The results again were essentially identical to those 
obtained with the freshly prepared impregnated sheets. 

Figs. 10 and 11 illustrate the dramatic visual difference of a logio reduction 
of 6-7 in bacteria growth. Fig. 10 is a scanned image of a petri dish with a colony 
count of 10 7 to 10 8 . This is one of the control plates from the above set of 

20 experiments after appropriate dilution. Fig. 1 1 is a scanned image of a petri dish 
after culturing media using the same dilution factor of bacteria cultures exposed to 
the methylene blue-impregnated plastics. The colony count is essentially zero with 
only scattered colonies observable on the agar plate. 

25 Example 3; Comparison of Polymers Treated with a Dye and with a Dye In 
combination with an Activating Agent 

A series polymeric tubing were treated according the present invention as 
described above in Example 1, as follows: the tubings were immersed in a 0.1% 
aqueous solution of methylene blue and 2% solution of ascorbic acid in 0.24 M 
30 citrate buffer (ph 6) for two hours, then removed, washed with saline and dried. 
Figure 12 is a scanned image of the resulting treated polymeric tubing 
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For comparison, the same type of polymeric tubing was treated using 
different methods of treatment. A set of the tubing was treated: the tubings were 
immersed in a 1% aqueous solution of methylene blue for 24 hours, then removed, 
washed with saline and dried. Appearance was similar to tubings shown in Fig 13. 
5 Another set of the tubing was treated was treated with a mixture of 

methylene blue and N-methylglucamine as follows: the tubings were immersed in 
a 1% aqueous solution of N-methylglucamine for 24 hours, washed with saline and 
dried and immersed in 1% aqueous solution of methylene blue for 24 hours, then 
removed, washed with saline and dried. Figure 13 is a scanned image of the 
1 0 resulting treated polymeric tubing. 

The results of these experiments are listed in Table 1 below. 



Table 1 



Material 


Methods 


1% Methylene 
Blue (24 hr) 


1% N methylglucamine 
(24 h), then 
1% Methylene Blue (24 h) 


2% Ascorbic Acid 

and 0.1% 
Methylene Blue (2 
hr) 


Polyurethane 




Very light blue on 
he surface only 


Strong dark blue 
throughout material 


Polyurethane/ 

polycarbonat 

e 


Slightly dirty 
white on the 
surface 


Very little of white on 
the surface 


Strong dark blue 
throughout material 


Silicone 
(transparent) 


Very light green 
on the surface 


Very light green on 
the surface 


Strong dark blue 
throughout material 


Silicone 
(opaque) 


Tint of green on 
the white surface 


Tint of green on 
the white surface 


Dark blue 
throughout material 



15 The present invention contemplates modifications as would occur to those 

skilled in the art. It is also contemplated that processes embodied in the present 
invention can be altered or added to other processes as would occur to those skilled 
in the art without departing from the spirit of the present invention. All 
publications, patents, and patent applications cited in this specification are herein 

20 incorporated by reference as if each individual publication, patent, or patent 
application was specifically and individually indicated to be incorporated by 
reference and set forth in its entirety herein. 
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Further, any theory of operation, proof, or finding stated herein is meant to 
further enhance understanding of the present invention and is not intended to make 
the scope of the present invention dependent upon such theory, proof, or finding. 

While the invention has been illustrated and described in detail in the 
5 drawings and foregoing description, the same is considered to be illustrative and 
not restrictive in character, it is understood that only the preferred embodiments 
have been shown and described and that all changes and modifications that come 
within the spirit of the invention are desired to be protected. 
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